1. Loading the isolated perfused liver from well-fed rats with xylitol (20mM) caused a depletion of adenine nucleotides and Pi and an accumulation of a-glycerophosphate.
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The ATP content fell to 66 % ofthe control value after 10min and to 32 % after 80min. The ADP and AMP contents also fell. After 80min 63 % of the total adenine nucleotides and 59% of the Pi had been lost. 2. The a-glycerophosphate content rose from 0.13 to 4.74,umol/g at 10min and reached 8.02,umol/g at 40min. 3. Xylitol was rapidly metabolized, the main products being glucose, lactate and pyruvate. 4. The [lactate]/ [pyruvate] ratio in the presence of xylitol rose to 30-40. 5 . On perfusion of livers from starved animals the main product of xylitol metabolism was glucose and the mean ratio xylitol removed/glucose formed was 1.29 (corrected for endogenous glucose and lactate production). This is close to the predicted value of 1.2. 6. Evidence is presented indicating that the loss of adenine nucleotides caused by xylitol is not due to the increased ATP consumption but to the accumulation of a-glycerophosphate and depletion of Pi. 7. The loss of adenine nucleotides accounts for the hyperuricaemia which can occur after xylitol infusion in man. 8. The relevance of the findings to the clinical use of xylitol as an energy source is discussed.
Substances that are rapidly phosphorylated in the liver, such as fructose and glycerol, cause a depletion of hepatic ATP and also of total adenine nucleotides and of Pi (Maenpaa et al., 1968; Raivio et al., 1969; Burch et al., 1970; Woods et al., 1970) . This is due to the fact that ATP and Pi inhibit the enzymes responsible for the irreversible breakdown of AMP (AMP deaminase and 5-nucleotidase). The present experiments were undertaken to test whether xylitol can affect hepatic nucleotides in the same way as fructose and glycerol. Xylitol is known to be rapidly converted into glucose in the liver (Ross et al., 1967; Jakob et al., 1971) . This process involves phosphorylations (see Krebs & Lund, 1966) (1949) . Oxoglutarate was determined by the method of , malate by that of Hohorst (1963) and xylulose 5-phosphate by that of Racker (1963) .
Results
Effect of xylitol concentration of the medium on the production of glucose, lactate and pyruvate by livers from well-fed rats Xylitol was added to the perfusion medium at initial concentrations of 5, 10 or 20mM and the time-course of metabolic changes was followed for 120min. Table  1 shows the metabolite concentrations in the perfusate and Table 2 the rates of changes in ,umol/min per g of liver. Xylitol removal was rapid and the initial rates rose somewhat with the xylitol concentration from 1.55 at 5mM to 1.93,umol/min per g of liver at 20mM.
The initial concentration of xylitol giving halfmaximal rates of removal in perfused livers was 3.2mM. This value is higher than the Km for the NAD-linked purified cytoplasmic polyol dehydrogenase of sheep liver (0.18mM at pH9.6; Smith, 1962) and that of guinea-pig liver (0.6mM at pH8.1; Hollmann, 1969) .
Glucose production was increased by xylitol over that from endogenous precursors and the final glucose concentration in the medium was greater in the xylitol perfusion than in the control perfusions. The increase was smaller than that expected on the assumption that the xylitol removed was quantitatively converted into glucose. This discrepancy was partly due to the formation of products other than glucose, i.e. lactate, and partly to an inhibition of glucose formation via glycogenolysis. The main product formed from xylitol in livers from starved rats was glucose; small and variable amounts of lactate were produced (Table 3 ) and pyruvate production was negligible.
The rate ofxylitol removal was ofthe same order as in the livers of fed rats. The initial rates of glucose formation rose with increasing xylitol concentration from 1.10,tmol/min per g of liver at 5mM-to 1.71 ,umol/min per g of liver with 20mM-xylitol. These rates are somewhat higher than those previously measured under similar conditions [0.67 ,mol/ min per g of liver (Ross et al., 1967) and 0.65,umol/ min per g of liver (Jakob et al., 1971) ].
If glucose is the only product of xylitol metabolism the ratio (xylitol removed)/(glucose formed) should be 1.2. The values for the ratio obtained were between 1.08 and 1.25. It is uncertain whether this should be corrected for the endogenous production of glucose and lactate, because it is not known whether addition of xylitol affects the endogenous metabolism. If the correction is made the ratio has a mean value of 1.29.
Contents of intermediary metabolites in the freezeclampedperfused liver after xylitol loading
The changes in the contents of liver metabolites at different time-intervals after xylitol loading (addition 1973 perfusion medium after xylitol loading concentrations in the medium are expressed as mm (mean±s.E.M. (1971) , but these authors also record a change in the mitochondria under similar conditions in rats starved for 24h. However, their initial mitochondrial redox state was abnormally low. The transient fall of the mitochondrial ratio shown in Table 6 is relatively small and ofdoubtful significance.
Discussion
The experiments demonstrate that xylitol, like fructose (Maenpaa et al., 1968; Woods et al., 1970) and glycerol (Burch et al., 1970; Woods & Krebs, 1973) accumulation in the liver may be neglected because these are small in relation to the other metabolic products. For the purpose of the calculations it is further assumed that all the glucose formed was derived from the added substrate. This was very nearly correct in the liver ofstarved rats. The error in the liver of fed rats was relatively small, as at least 80% of the glucose was formed from the added precursors. The results of the calculations, based on the rates in Tables 2 and 3 , and those given by Woods (1970) , Woods et al. (1970) and Woods & Krebs (1973) , are shown in Table 7 . The rates of additional ATP consumption are all ofthe same order ofmagnitude. There is no simple correlation between the extra ATP consumption and the loss ofadenine nucleotides. Thus fructose, glycerol and xylitol cause a loss of adenine nucleotides whereas dihydroxyacetone does not. The loss is greatest with fructose, yet the rate of extra ATP consumption is higher at high xylitol concentrations and with dihydroxyacetone.
This lack of correlation becomes understandable when the rate ofextra ATP consumption is compared with the total ATP turnover in the liver. The latter may be assessed from the 02 consumption (about 2.5,umol/min per g; Woods et al., 1970) Ross et al., 1967; Jacob et al., 1971) Relevance of the findings to therapeutic uses ofxylitol Intravenous infusion of xylitol has in recent years been recommended as a source of energy, especially during post-operative starvation periods (Baessler et al., 1962; Spitz et al., 1970; Horecker et al., 1969) . According to Schumer (1971) large intravenous doses of xylitol (4.8 g/h per kg) can cause abdominal pain, nausea, vomiting and rise in the serum concentrations of lactate, uric acid, bilirubin, Pi, glutamateoxaloacetate aminotransferase and alkaline phosphatase. The hyperuricaemia (which also occurs after fructose loading; Perheentupa & Raivio, 1967) is in all probability a direct result of the increased degradation of the hepatic adenine nucleotides. Since the intactness ofthe adenine nucleotide system is a key factor in cell function, it is likely that the other abnormalities are also consequences of the loss of the adenine nucleotides. Thus intravenous infusion of relatively large amounts of xylitol is obviously not without risk.
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